INTRODUCTION
First described in Japan in 1990 by Sato et al, 1 Takotsubo Cardiomyopathy (TCM) is an acute cardiac condition that involves left ventricular apical ballooning and mimics acute myocardial infarction (MI). It is also known as 'transient left ventricular (LV) apical ballooning syndrome,' 'tako-tsubolike left ventricular dysfunction,' 'ampulla cardiomyopathy,' 'stress-induced cardiomyopathy,' and 'broken heart syndrome.' In Japanese, "tako tsubo" translates to "octopus pot," which is a fishing jar with a narrow neck and wide base used to trap octopus, and describes the visual appearance of the heart on left ventriculography.
TCM patients present with symptoms of chest pain, electrocardiograph (ECG) ST-segment elevation, and cardiac markers consistent with an acute coronary syndrome (ACS). However, angiography finds no significant coronary stenosis, and the LV apex is found to balloon, which usually resolves in weeks. The syndrome appears to be triggered by emotional or physical stress. TCM is being diagnosed more frequently, possibly because of increasingly stressful times and public attention to ACS. Although well known in cardiology, awareness of this entity is still developing in emergency medicine (EM). It is important to consider this diagnosis, as patients may present to the emergency department (ED) with what appears to be uncomplicated ACS. We discuss four patients with chest pain, ECG changes and cardiac markers consistent with ACS, who were diagnosed with TCM.
CASE 1
A 67-year-old Caucasian female was sent from a clinic by ambulance to the ED for chest pain longer than 24 hours and ST elevations on ECG. Her chest pain began the previous day while mowing her lawn. It was 5/10, "stinging" in character, located substernally, and associated with shortness of breath (SOB), and radiated to her left arm. After rest, her SOB and chest pain resolved over one hour, but she continued to have intermittent chest discomfort throughout the day and again the next morning. At the primary care physician office, ECG was "concerning."
In the ED, vital signs were: blood pressure (BP) of 140/86 mm Hg, pulse of 86 beats/min, respirations of 14 breaths/ min, oxygen saturation (O 2 sat) of 100% on 2 liters/minute via nasal cannula, and temperature of 37.1°C. She denied active medical issues but reported she had a rib resection in 1970 for thoracic outlet syndrome. Cardiac risks included age and 20 pack-year smoking history. When asked about family history for heart disease, she tearfully stated that the day before onset of symptoms, her sister had died of a heart attack at age 64. Apart from anxiety, her physical exam was otherwise unremarkable.
Initial ECG showed normal sinus rhythm (NSR), rate of 79 beats/min; small Q waves in inferior leads with T-wave inversions in leads II, III, and AVF; a trend toward ST elevation in lead V3; poor R wave progression; Q waves in V4 and V5, with a very small Q wave in V6; and deep T-wave inversions in V3, V4, and V5, with a small degree of T wave inversion in V6. A chest x-ray revealed no acute disease. Lab results were troponin I of 2.5 ng/ml (normal, 0.0-0.04 ng/ml), creatine kinase (CK) of 24 ng/ml (normal for females, 30-135 U/L; for males, 55-170 U/L), CK-MB quotient of 11 (normal 0.3-4.0 ng/ml), and a white blood count 11,200/mm 3 . Serum electrolytes and coagulation studies were normal.
The patient had immediate cardiac catheterization that revealed no source of cardiac ischemia. Left ventriculography revealed significant apical segment akinesis. Follow-up echocardiogram seven days later showed normal LV size and function with ejection fraction (EF) of 78%. Apical wall motion was normal, but the base still appeared to contract more vigorously than the apex.
CASE 2
An 86-year-old Asian female presented to the ED with chest pain of ten hours duration, which began while watching television. The pain was 9/10, substernal and nonradiating, pressure-like, without associated symptoms. Vital signs were: BP of 185/88 mm Hg, pulse of 71 beats/min, respirations of 20 breaths/min, O2 sat of 98% on room air, and temperature of 35.7°C. She reported medical history of hypertension, hypothyroidism, gout, and a hysterectomy. Cardiac risks included age, hypertension, and family history of coronary disease. She never smoked and reported a healthy diet and exercise five times per week. Her daughter stated that her mother had been under extreme stress due to sudden accidental death of her son two weeks ago. Her physical exam was unremarkable.
Initial ECG revealed a NSR with ST elevation in V2 and V3, ST depression in V4 and V5, and T wave inversions in inferior and precordial leads. Chest radiograph revealed no acute disease. Lab studies showed troponin I of 3.23 ng/ml and a white blood cell count 12,000/mm 3 . Serum electrolytes were normal. She had cardiac catheterization with left ventriculography, which showed mid-anterior and apical akinesia with preserved anterobasal and posterobasal function, with an EF of 30%. Coronary arteries were unremarkable Echocardiogram showed apical akinesis with reduced LV function with EF of 34%. The mid septum showed marked hypertrophy with a thinned apex.
CASE 3
A 76-year-old Caucasian female presented to the ED with chest pain of 30 minutes duration. This began 20 minutes after she received the news that her husband was in critical condition in the intensive care unit (ICU) and needed emergent surgery. The pain was described as 5/10 nonradiating, substernal, with associated lightheadedness.
Vital signs were: BP of 110/65 mm Hg, pulse of 72 beats/ min, respirations of 24 breaths/min, O2 sat of 96% on room air, and temperature of 36°C. Past medical history included osteoporosis and mitral valve prolapse. Cardiac risks included age and 45 pack-years smoking, but she quit 28 years ago. Her only medication was alendronate. Physical exam revealed a 2/6 systolic cardiac at the apex.
Initial ECG showed NSR with ST elevation in leads II, III, AVF, V2-V6, poor R wave progression, and Q waves in V2 and V3. A right-sided ECG showed no ST segment elevation in V4R. Chest radiograph showed mild pulmonary edema. Complete blood count and electrolytes were normal, but troponin I was elevated at 0.15 ng/ml.
The patient immediately had cardiac catheterization with left ventriculography. This revealed EF of 20% with only basal kinesis. Coronary arteries were unremarkable. Cardiac catheterization ( Figure 1 ) showed severe anterior-apical akinesis with compensatory inferior-posterior hyperkinesis.
CASE 4
A 42-year-old Caucasian female presented with a two- hour history of chest pain. She had just been told that one of her sons had died in a car accident and had visited her other son who was in the (ICU) in critical condition. Her chest pain began during the ICU visit and she was brought to the ED. She had a history of seizures, anxiety disorder, fibromyalgia, irritable bowel syndrome, and gastroesophageal reflux disease. The patient had one other episode of chest pain three months prior, but MI was ruled out.
In the ED, vital signs were: BP of 101/78 mm Hg, pulse of 109 beats/min, respirations of 20 breaths/min, O2 sat of 97% on room air, with pain 10/10. She was awake and alert, diaphoretic and vomited three times. The physical exam was normal. An ECG showed ST elevation in leads I, aVL, and V 1 -V 3 , with a rate of 98 beats per minute and a QTc interval of 437 ms (Figure 2a) .
Initial cardiac markers were elevated with a troponin I of 5.1 ng/ml (normal, 0.0-0.3 ng/ml), a total CK of 173 U/L (normal, 25-145 U/L), and a CK-MB level of 24.7 ng/ml (normal, 0.0-5.0 ng/ml).
Emergent catheterization revealed normal coronary arteries, with a right-dominant system, and severe hypokinesis of the LV anteroapical wall, and mid to distal septum with apical ballooning. Echocardiograms performed at day 1 ( Figure 3 ) and 4 showed a severely hypokinetic LV anteroapical wall and mid-to distal septum.
DISCUSSION Etiology
Although the clinical presentation of TCM may be identical to ACS, the suspected pathogeneses of TCM and ACS differ greatly. The etiology of Takotsubo cardiomyopathy remains speculative. Proposed mechanisms include: (1) multivessel coronary artery spasm, (2) impaired cardiac microvascular function, and (3) endogenous catecholamine induced myocardial stunning and microinfarction.
Lacy et al 2 have shown that during a mental stressor of simulated public speaking patients have a decrease in coronary artery diameter, which returned to baseline after five minutes. Furthermore, these changes were similar in patients with and without coronary artery disease. Physicians who originally reported on and named 'Takotsubo cardiomyopathy' have also shown that approximately 70% of TCM patients had coronary spasm during a provocation test. 3 They suggested that either simultaneous multivessel coronary artery spasm or microvascular spasm may contribute to the onset.
Sadamatsu et al 4 reported two cases of patients with apical wall motion abnormalities with reduced coronary flow reserves not due to coronary stenosis. They postulated that this reduction in reserve may be due to microvascular dysfunction. Kurisu et al 5 and Bybee et al 6 showed that patients with transient LV apical ballooning syndrome have higher thrombolysis in myocardial infarction (TIMI) frame counts during the acute period than control patients. An elevated TIMI count has been associated with increased coronary microvascular resistance. 7 Bybee et al 6 suggested that the dysfunction of coronary microvasculature may play a role in the pathogenesis of transient LV apical ballooning syndrome. Single photon emission computed tomography (SPECT) studies of TCM patients also show impaired myocardial microcirculation. 8 Other studies have also shown that mental stress may cause endothelial dysfunction, further supporting the idea that coronary microcirculation may play a role in the etiology. 9, 10 However, at this time, it is unclear whether the microvascular dysfunction is a cause or result of the cardiomyopathy.
The most commonly discussed mechanism for this condition is stress-induced catecholamine release. They may be a direct toxic effect on the myocardium by changing autonomic tone, enhancing lipid mobility, calcium overload, free radical production, or increased sarcolemmal permeability. 11 Akashi et al 12 suggested that neurogenetically mediated myocardial stunning due to autonomic imbalance may be the cause of the LV motion abnormalities. They have shown that patients with TCM had heart rate variability (HRV) parameters consistent with impaired cardiac sympathetic nervous function at time of diagnosis. These patients showed improvement in the HRV parameters at three months follow up. Wittstein et al 13 showed that stress-induced cardiomyopathy patients have statistically higher levels of catecholamines (epinephrine, norepinephrine, and dopamine) than patients with myocardial infarctions. These elevated levels may cause myocardial stunning in TCM patients. The catecholamine levels however, were not known prior to the episode of TCM or MI.
Ellison et al 14 showed that high doses of isoproterenol, a β1/β2 adrenergic stimulator, cause diffuse myocyte death but spare cardiac stem cells in rats. They postulated that the sparing of stem cells may contribute to the ability of myocardium to rapidly recover from acute hyperadrenergic damage, which may be the case in TCM. Bybee et al 15 reported a decreased myocardial glucose uptake in TCM patients and hypothesize this may be due to myocardial insulin resistance due to catecholamine excess. Akashi et al 16, 17 reported an increased myocardial 123 I-metaiodobenzlguanidine ( 123 I-MBG) washout rate (WR) in TCM patients. An increased WR indicates increased norepinephrine release from sympathetic nerve endings or increased clearance of 123 I-MBG by extraneural tissues. The increased WR also correlated to increased plasma norepinephrine levels in the patients, further supporting the idea of catecholamine-induced myocardial stunning.
Presentation and Clinical Course
Although TCM was first named in the early 1990s in Japan, cases in Europe were not recognized until the late 1990s and not in the United States until 2003. 1, [18] [19] [20] Patients with TCM often present to the ED complaining of chest pain and a standard approach is prudent. It is important to remember that TCM patients may not have cardiac risk factors, except age. These patients may have had a recent normal stress test or normal cardiac catheterization, as they do not have obstructive coronary lesions. However, more serious presentations of TCM such as ventricular fibrillation or cardiogenic shock have also been reported. 21, 22 The epidemiology of TCM reveals several trends. Patients are typically postmenopausal Asian or Caucasian women, but investigators do not report a racial predilection. In 286 reported cases of TCM, Gianni et al 21 reported 88.8% of patients were female. In 185 cases, Donohue and Movahed 22 reported age 67.7 years. Of the cases that reported race, 57.2% of patients were Asian, 40% Caucasian, and 2.8% other races.
The prevalence of the syndrome is unknown, although various researchers have reported that 1.7-2.2% of patients with suspected ACS at their institutions are diagnosed with TCM. 6, 8, 17, 23 An emotional or physical stressor frequently precedes the development of symptoms (26.8% and 37.8%, respectively). 21 These stressors have included: learning of the death of a loved one, bad financial news, significant arguments, legal problems, car accidents, natural disasters, exacerbation of chronic medical illness, new significant medical diagnosis, surgery and other medical procedures, staying in an intensive care unit, and use of or withdrawal from illicit or narcotic drugs. 21, 22, [24] [25] [26] [27] [28] In some cases no stressor is identifiable. 22 However, patients with traditional ACS could also have proximate stressful events, but these have not been similarly quantified.
All the patients in our series had loss of a family member as a major stressor. Family and social history have not yet shown to be relevant to TCM diagnosis. Physical exam may only be significant for emotional upset. Initial ED testing should include ECG, cardiac markers basic labs, and chest radiography.
The ECG often reveals ST elevation (often precordial) during the acute phase, followed by T wave inversion, QT prolongation, and sometimes Q waves during the subacute phase. 21, 29, 30 A few studies have shown minor ECG differences between patients with TCM and ACS. 29, 31 Cardiac markers are usually elevated. However, the levels tend to be lower and normalize sooner than with ACS patients. 21, 22 Angiography is required for diagnosis, as there is no accurate way to reliably distinguish TCM from ACS using ECG or cardiac markers.
Patients should be treated as having ACS until proven otherwise. Aspirin and heparin should be initiated, and a cardiologist consulted. The diagnosis of TCM will be made if PCI is the initial treatment. Although thrombolysis will not benefit these patients, it should not be withheld if PCI is not available and the patient otherwise meets criteria.
Coronary angiography, echocardiography, or ventriculography of TCM patients during the acute phase reveal left mid-ventricular dysfunction and apical dyskinesis or akinesis with apical ballooning. Mean EF for these patients range from 20-49%. 21 LV basal hyperkinesis also occurs, and one systematic review reported 16% with transient LV outflow tract obstruction (LVOT) due to this hyperkinesis. 21 Coronary arteries are either normal or show mild stenosis (<50% luminal stenosis). 21, 30 On follow-up studies, patients show rapid improvement in wall motion and restoration of LV function with improved EF of 60-76%.
21
Acute complications occur in approximately 20% of TCM cases and include cardiogenic shock, left-sided heart failure with or without pulmonary edema, tachy-and bradyarrhythmias, LV thrombus formation or free wall rupture, and death. [21] [22] [23] 30, [32] [33] [34] [35] [36] Cardiogenic shock results from pump failure or LVOT obstruction, which can cause severe mitral regurgitation. For hypotensive patients, urgent echocardiography should be performed. 30 If hypotension is due to pump failure, inotropic agents should be initiated. If necessary, intra-aortic balloon counterpulsation has been utilized in TCM patients. 33 It is important to recognize and diagnose TCM-related cardiogenic shock, and treat with the balloon pump because TCM patients fare much better than other causes of cardiogenic shock. If the hypotension is due to LVOT obstruction, inotropic agents will worsen the obstruction. Instead, beta-blockers and fluid resuscitation are the initial treatment.
The long-term therapy of TCM has been that of cardiomyopathy with LV systolic dysfunction: beta-blockers, ACE-inhibitors, and diuretics. Aspirin and calcium channel blockers have also been recommended. 30 However, Fazio et al 37 found that treatment with any of these medications does not make a significant difference in outcome. Prognosis for patients with TCM is good for those who survive the acute episode. Mortality rates have been reported by Gianni et al 21 and Donohue and Movahed 22 at 1% and 3.2%, respectively. Recovery time for TCM patients is generally rapid. Marked improvement in ECG findings, cardiac markers, and EF can be seen within days. 13, 17, 26, 38 Complete recovery of LV usually occurs within 1-4 weeks, although some have taken up to a year. 32 Recurrence appears to be rare at 2-3%. However, as this is a newly described entity, accurate long-term data is not yet available. 21, 33 Diagnostic criteria for TCM have not been established. However both American and Japanese researchers have proposed similar criteria for the diagnosis of TCM. These authorities stress the important findings of: (1) Transient akinesis or dyskinesis of the apical and midventricular segments in association with regional wall motion abnormalities that extend beyond the distribution of a single epicardial vessel; (2) immediate ST segment elevation on ECG followed by T waves that become progressively more negative and a prolongation of the QT interval; (3) only a modest elevation of cardiac markers; and (4) absence on angiography of obstructive coronary artery disease or evidence of acute plaque rupture. The groups also put forth similar exclusion criteria: (1) recent significant head trauma or intracranial bleeding, (2) cerebrovascular disease, (3) pheochromocytoma, and (4) myocarditis.
30,39 These criteria have not been validated, but can be used as guidelines that, when present, should raise suspicion of TCM.
Several ED circumstances may lead to TCM presentation. The ED deals with the consequences of natural disasters, and emergency physicians (EP) should be aware that this syndrome might present during or soon afterward. The syndrome may also occur in younger patients without cardiac risk factors. Some anxious or emotionally distraught patients with chest pain may be more complicated than simple anxiety disorder, and may develop dysrhythmias or shock.
The emotional distress and chest pain of family members after death notification are sometimes dismissed or managed with benzodiazepines and social work consult. While much has been written on the emotional support needed for survivors after death notification in the ED, we found no study that looked at the medical management of physical symptoms of these survivors. [40] [41] [42] [43] [44] EPs should consider TCM in the differential diagnosis of chest pain following death notification. Increased awareness of this entity will contribute to timely diagnoses and appropriate treatment.
History
Although TCM was named in the early 1990s the idea of a stress-induced physical disorder or death has been in the literature for decades. In 1942 Walter B. Cannon 45 wrote a remarkable article detailing numerous accounts of so-called "Voodoo death" reported by educated and independent observers. The cases of Voodoo death occurred among many different aboriginal tribes throughout the world. The cases involved people who were "hexed" or condemned to death by medicine men or Voodoo priests. In all cases the condemned person and all his/her family and associated believed there was no escaping the death that was sure to ensue. In most of these cases poison was ruled out or unlikely as the cause of death, and Cannon postulated that intense fear could so over-activate the sympathetic and sympatho-adrenal systems that death ensued. 45 In 1971 Engel 46 reported on 170 cases of sudden death associated with psychological stress. He identified eight categories in which these deaths could be classified: learning of the death of a loved one, during the acute grief period, threat of loss of a loved one, during mourning or an anniversary, on loss of status or self-esteem, threat of or actual physical danger, and reunion, triumph, or happy ending. All these instances represent a situation in which the person is overwhelmingly distraught or excited and are very similar to the precipitating events reported in TCM. Engel postulated that these deaths may involve activation of both a strong sympathetic and parasympathetic response and lead to lethal cardiac events. 46 
Cebelin and Hirsch
47 reported in 1980 the post-mortem analysis of myocardium from 15 victims who died from physical assault but whose autopsies revealed no internal injuries sufficient to cause death. Many of these patient's (73%) hearts showed myofibrillar degeneration and "contraction band" necrosis. Cebelin and Hirsch 47 postulated that the cause of death could have been a catecholamine mediated "stress cardiomyopathy." Interestingly, Wittstein et al. 13 have reported very similar endomyocardial pathologies in TCM patients. Although the mortality rate in diagnosed TCM is low, it is possible that some of these sudden unexplainable deaths during intense emotional distress represent a more-fatal version of TCM.
CONCLUSION
As a newly recognized disorder, much remains unknown about TCM, especially etiology. Other aspects are also puzzling, such as why postmenopausal women are mostly affected and why the apex of the LV is so impaired while the remainder is relatively spared. TCM is a rare but potentially fatal condition, initially indistinguishable from ACS. The EP should consider the diagnosis in patients with chest pain and a recent stressful event, especially elderly females.
